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Abstract
Background: Trauma and hypodontia are two most prevalent congenital dental 
abnormalities in children. A  common treatment for them is the use of removable 
prosthesis, but this method may increase the residual alveolar bone resorption, periodontal 
problems, and secondary caries. Aim: The aim of the present article is to review the 
skeleton and dental growth trend and its effect on the application of implant and present 
guidelines based on related articles and books for prescription and nonprescription of 
implant. This paper is carried out by reviewing the data in Google Scholar, Pubmed, 
Embase, Blackwell Synergy, and Science Direct. Conclusion: Implants could protect the 
residual bone, increase retention, enhance the stability, beauty, and chewing power and 
improve the life quality in general. Clinical Significance: Due to bone integration and 
undesirable effects on maxillary and mandibular skeletal growth and subsequent tooth 
eruption, use of implant in growing patients arouses some concerns.
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Introduction
The growing patients are mostly in need of prosthetic 
rehabilitation in edentulous areas.[1] Trauma and hypodontia are 
the most prevalent abnormalities that cause congenital edentulous 
in children. A typical treatment, before full skeleton and dental 
growth is removable prostheses. However, the residual alveolar 
bone resorption, periodontal problems, and secondary caries 
will be increased by using a removable prosthesis.[2] Currently, 
in most of the cases implant is known as the best treatment plan 
for the edentulous area, in that it provides less dental preparation 
process in partial edentulous, more retention and stability in total 
edentulous increases beauty and chewing power, and improves 
the life quality. Moreover, its application is growing increasingly 
as a result of its successful prostheses (83% in maxilla and 94% 
in mandible).[3-5] Within a meta-analysis, the survival rate of 
implant, 6 months after the load bearing, is 93.6 and 97.5% for 
fixed partial dentures and single crowns, respectively.[6]
Dental and skeleton growth is the greatest concern for placing 
implant in children and teenagers. The growth effect on implant 
position, implant impact, and its prostheses and on dental and 
skeleton growth will bring about some limitations in typical 
application of implant in growing patients.[3] High demands for 
using implant, due to more awareness of parents of its positive 
psychological effects, as well as more inclination toward a more 
stable treatment and better physiological bone maintenance 
in congenital edentulous or traumatic areas, compared with 
removable prosthesis,[7] have made the dentists to evaluate and 
be aware of the growth trend and mutual effects of implant 
positioning, more precisely.
Despite early application advantages for some patients with 
certain conditions (syndromes) who suffer from diastema, late 
positioning is more satisfactory until full dental and skeleton 
growth is reached and during this period alternative treatments, 
involving removable/fixed prosthesis and orthodontic treatment 
are more appropriate.[8] This is due to the fact, that implant 
is placed in a dynamic setting, does not work like a tooth, will 
remain fixed during teeth growth and replacement, and this 
would cause abnormalities and tooth row disarrangement.[1,9] On 
the other hand, various and unpredictable individual differences, 
especially before full development, have made any predictions 
impossible, as well. Therefore, placing an implant during mixed 
detention stage and even puberty has a limited prognosis, and 
in case the dentist is compelled to early positioning, longer 
and numerous edentulous areas (due to ankylotic nature and 
inhibition of vertical growth of implant along with the adjacent 
teeth) are privileged to single edentulous.[10,11]
This paper is conducted by reviewing the dental and skeleton 
growth trend and its effects on implant positioning and provides 
guidelines for the prescription or nonprescription of the implant 
by considering growth rate, number, and the place and type of 
edentulous based on the jaws.
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Materials and Methods
The present review article was carried out by reviewing the 
data in Scholar Google, Pubmed, Embase, Blackwell Synergy, 
and Science Direct. Keywords sought were dental implant in 
children, dental and skeletal development, implant for children, 
hypodontia, and anodontia. Data related to various aspects of 
dental and skeletal growth trend, methods of selecting a patient 
and its contributing factors, the application of dental implant in 
children and its impact during the facial growth were gathered 
from available articles and books.
Implant and the Pattern of Dental and Skeleton 
Growth
In total, high rate growth accelerates during infancy, slows 
down during childhood, increases partially in adolescence, and 
finally reaches to a stable reduction during lifetime.[11] Limited 
reports are available of use of implant in children.[12-16] However, 
osseointegration is undoubtedly occurred in child’s jaw and dental 
implants, due to the existence of periodontal ligament and union 
to the bone, have the role of ankylosed primary teeth. Hence, 
such teeth are appropriate models for the evaluation of implant 
behavior in a growing child.[1,8,11] Among other complications of 
these teeth, we could refer to the defects of adaptive processes 
during dental and skeletal growth, burying, secondary severe 
abnormal occlusion, crooked teeth, and the difference between 
skeletal growth and adjacent dental area.[8,11]
Bjork argued that the overall development of the middle 
part of the face is in low and front directions and is related to the 
skull base that is mostly inactive up to the age of seven. However, 
during 7-15 the main factor for anterior displacement of nazo 
magazalari complex is the growth of maxilla and nose joints.
The lateral growth of the maxilla is controlled by the middle 
joint of the palate, which is an important growth area and its 
growth rate in posterior is 3 times higher than the anterior. This 
is the first dimension, the growth of which is equal to that of the 
adults [Figure 1].
The vertical growth of maxilla is also affected by the growth 
of facial joints and alveolar bone deposition. The resorption of 
internal nose, especially in frontal section and bone deposition 
at palatal level may cause the compensation of rotary motion 
at posterior maxilla.[17-19] Cronin and Oesterle introduced 
the vertical dimension of the maxillary growth as the most 
disturbing implant-positioning factor and predicted long-term 
destructive effects on the beauty and performance of upcoming 
tooth restoration.[1]
Moyers et al. suggested that the transformation of the primary 
teeth system to permanent as well as the lateral rotation of the 
maxilla is the main factors of dental arch length and perimeter 
reduction.[20] These changes may bring about the formation of 
smaller dental arch in 18 months than that of the 4 months.[20,21] 
In longitudinal dimension of dental growth, in addition to such 
dental motions, total dental set of the maxilla would be located at 
a more anterior position than the base of the upper jaw.[1]
Long-term studies indicated that the permanent detention 
superseded the primary ones and this displacement results in 
considerable incremental alterations in the lateral arch of the 
permanent detention.[4]
In boys (due to puberty), the size of the arch and its alterations 
takes a longer process, so it has a longer growth and higher rate, 
which is evaluated to be between 0.5 and 3 mm.[22]
Jones and Meredith illustrated 3-4  mm of maxilla height 
increase during primary teeth eruption, and exfoliation process 
and this value goes even further by the eruption of the permanent 
teeth.[23] The actual increase of dental height (about 5-6 mm) is 
occurred between the age of 5 and 15.[1,8] The anterior maxillary 
height has shown numerous individual differences, and the 
correlation coefficient between tooth size in the age of 15 and 4 is 
trivial.[23] Therefore, the mutual effects of implant use and dental 
alterations are unpredictable during childhood.
Iseri and Solow revealed that the eruption of upper jaw 
teeth might have a strong effect on implant treatment, such 
that the average annual eruption rate during development ages 
is 1.2-1.5  mm and the compensation of such alterations using 
the implant asks for 9-10 tough years in girls and is impossible 
in boys.[24] Any changes in palate height were also assessed by 
some Scientists as they calculated the distance between occlusal 
section and palate section about 2.5-6 mm. This amount includes 
the increase of alveolar height and vertical height of permanent 
detention.[20] The remarkable growth of bone height, especially 
at posterior palate, might cause the implant to be buried more 
than one centimeter at posterior maxilla and even the apical level 
to be appeared at the base of nasal cavity.[1]
In contrast to the maxilla, the mandibular growth is not 
related to the development of skull bones and has a low and 
front direction. Bjork by overlaying the sequential cephalograms 
indicated that the bone deposition under the symphysis and 
angle is the main factor for nonlinear growth of the mandible 
and forward rotation.[17-19] Such growth process varies markedly 
individually and the direction of condylar growth generate the 
center of rotation, such that the vertical growth of condylar along 
with the center of rotation in incisors leads to the flattening of Figure 1: The lateral growth of maxilla
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the marginal mandibular, more labial eruption of lower incisors, 
and the decrease of gonial angle. While the anterior-posterior 
growth of condylar is at the center of molar rotation, it creates 
a steeped margin, a lingual tilt in incisors, and their vertical 
growth and no reduction in the gonial size. Thus, the direction 
and range of mandibular rotation has a significant effect on 
the final position of the tooth.[17] The amount of mandibular 
rotation (both internal and external rotation) is more than 
that of the maxilla, but bone resorption and deposition of the 
marginal mandibular hides this factor. Implant positioning at 
posterior mandible, due to the growth of condylar and burying 
of implant at various levels in children, especially in cases where 
there are extreme internal and external mandibular rotations, is 
divergent and unpredictable.[9] Implant at anterior mandible is 
also unable to perform the required angle changes to compensate 
the mandibular rotations like teeth with periodontal fibers, so 
it affects the beauty and performance of adjacent and opposite 
teeth. The longitudinal growth of mandible in ramus area is taken 
place with resorption in anterior margin and bone deposition 
at its posterior margin as well as the condylar area [Figure 2].[1] 
Meredith revealed that the ramus height and trunk length have 
the annual growth of 1-2 and 2-3  mm, respectively. Cronin 
declared that the cause of prominent chin in adulthood is the 
bone resorption in the previously mentioned dental area and the 
probability of implant protrusion, especially in earlier ages.[9]
A scientist suggested that the range of mandibular transverse 
growth is less than the maxillary and the simultaneous increase of 
length and width, especially in mandibular posterior arch is due 
to the V shape nature of the mandible [Figure 3].[25]
Due to early cessation of growth in the symphysis, the 
transverse growth of posterior mandible will reach to its 
maximum and remain stable before the eruption of deciduous 
teeth, and only a limited depositional growth will maintain.
During growth, mandibular incisors and canines will grow 
vertically. This process is fixed in dental height and alveolar bone 
and is more in men, such that it will continue up to the age 13-14 
in girls and age of 15 in boys.[9]
Rilo specified that the height increase of anterior mandible 
in the age of 6-16 in girls and boys is about 6 and up to 10 mm, 
respectively and these values have strong effect on implant 
positioning.[26] The eruption of mandibular incisors could cause 2 
(in women) to 3 (in men) millimeters of intercanine width increase, 
due to labial direction of permanent incisors, their greater size, and 
pushing primary canines to the primate space. These values will not 
change by the eruption of lateral incisors and canine and instead 
show a slight decrease in intercanine width in the age of 13-25.
Up to 4 years ago, Moyers et al. attributed the highest cross 
changes to premolars and indicated that the arch width will 
increase 2 mm by the eruption of premolars, 2-3 mm by the first 
molar, and 0-2 mm by the second molar.[20]
Such cross changes is vary significantly in different people.[27] 
The results of Holcomb illustrated that the prediction of arch 
width at the age of 15 through dental arch at the age of 4-5 is not 
reliable.[28] Therefore, although the minimum of changes is taken 
place at the mandible transverse dimension, various vertical, 
and rotational changes result in the alteration of the complete 
mandibular system. The longitudinal changes of mandible 
arch are different from that of the maxillary and the eruption 
of permanent incisors is closer to their final arch position.[1-9] 
Moorrees and Reed showed that the loss of deciduous molars, 
eruption of premolars, and mesial drift of the first molar could 
cause 2  mm of arch length decrease and these change will 
increase by the mandibular growth.[29] Accordingly, the implant 
is unable to be adopted with the natural dental changes. Like 
maxillary, the whole mandibular system will replace seamlessly, 
but due to slighter limitations in joint growth and early closing of 
the symphysis, the extent of such development is trivial.[4]
Regarding such limited changes, adjusting the angle and vertical 
eruption of teeth (especially in incisors) in response to mandibular 
rotation, as well as more than one centimeter of increase of alveolar 
height must be regulated in implant positioning.[1]
Implant and Diversity of Growth Factors
The range of growth is specific to individual and various 
factors, involving genetic, nutrition, systematic diseases, and 
Figure  2: A  typical pattern of mandibular midline and ramus 
transformation
Figure 3: Posterior direction of the whole mandible and V shape 
development
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psychological problems contribute to the issue.[30] Major 
differences were also seen in skeleton jaws and direction of 
dental eruption. In general, the dental system compensate 
the skeleton diversity through change of direction and range 
of growth, the examples of which are long-faced people with 
longer and more vertical growth of incisors and prognathic 
people with labial steep of upper incisors and lingual steep lower 
incisors.[1] Sex differences are also among the main growth 
variables. In total, the average age of tooth eruption is earlier in 
girls (2 years).[31] With the onset of menstruation (around 15), 
the development process is almost complete in girls, whereas 
boys continue their growth up to 20. Such differences bring 
about longer skeletal and mandibular growth than maxillary.[1]
Development Assessment
Chronological height and age (due to diversity of confounders 
such as, gender, race, and individual differences in the range, 
and direction of facial development) are not appropriate 
determinants for evaluating growth.[1] Although there are no 
accurate criteria for the evaluation of growth cessation, skeleton 
age has relatively a better relationship with the growth of jaws 
than any other factors. Longitudinal studies illustrated that 
lifetime development will continue at much lower pace in the 
same direction as it occurred during adolescence, such that the 
facial growth is taken place following the development of long 
bones (dolichocephaly).[32]
The supply and superimpose of various cephalograms, 
individually, twice a year, and observing no changes in the 
growth of jaws during a year could be among the determinants 
of cessation.[1] The wrist X-ray and comparing that with natural 
atlases and the range of ossification of cervical vertebrae in 
cephalograms are other methods of evaluation growth threshold 
and bone age.[33,34]
Implant in Various Areas
Anterior maxilla
According to Lederman et al., this area is important due to high 
traumatic capacity and various inherent dental absences.[35] 
Among the factors that might cause a halt in implant positioning 
in this area we could refer to high and divergent inherent 
growth of anterior, posterior, and vertical dimensions of this 
area, which result in overall developmental increase. Moreover, 
a need for permanent beauty of gingival gum restoration, the 
existence of mid-palatal joint, where placing implant next to 
that could cause growth cessation or uncoordinated width 
growth are other contributing factors. Materials should be taken 
into consideration, as well. Therefore, placing implant must be 
delayed in anterior maxilla up to the age of 15 in girls and 17 in 
boys. The evaluation of skeletal age, preparing consent form, and 
probable prescription of implant in future should be considered 
during the treatment process.[4]
Posterior maxilla
Enormous anterior-posterior and vertical growth diversity, the 
growth of width three times more than anterior, which leads to 
rotational development and mesial motion of molars, the activity 
of lowering joints of maxilla, resorption activity of nasal base, 
deposition of alveolar bone, and being concerned of increase of 
load on the implant due to more chewing power are factors of 
implant placement delay in this area.[3] Cronin introduced the 
detrimental effects of hard transpalatal prostheses or two-way 
support on transverse growth. Placing implant in this area is 
better to be postponed up to the age of 15 and 17 in girls and 
boys, respectively. Especial attention to the type of prosthesis 
and the amount of load is essential during treatment process.[4]
Anterior mandible
This area is the best dental space for implant positioning before 
the complete growth. Due to early closing of symphysis joint 
in the first 2  years of life and continuance of growth as bone 
deformities (deposition in facial area and resorption in dental 
area), implant placement, even in a 5-year child has shown 
positive results.[9-13] However, in case the implants are closer to 
the anterior, their prosthesis could be modified for 5-6  mm of 
increase in dental and bone height, and more incisors superseded 
the single teeth prognosis is more appropriate. The secondary 
burying to alveolar bone deposition and unfavorable rotations of 
mandible is probable.[9]
Posterior mandible
Growth in anterior-posterior and transverse dimension (the V 
shape nature of mandible), reduction of vertical height, high bone 
mass in the canal (bone resorption due to implant positioning), 
appositional growth of posterior alveolar along with various 
rotational potential of condyle, resorption procedure in lingual 
area, especially in more distal implants are the primary concerns 
of implant positioning in this area. Furthermore, the loss of 
secondary bone by removing the implant in a misplaced position, 
secondary bone resorption due to overload, the changing 
potentiality of crown to root proportion due to bone resorption 
and rotation of mandible are factors that postpone the implant 
positioning until the late growing period.[9]
Implant and Number of Edentulous
Children with anodontia
In this group of children, skeletal development is more 
significant than the chronological age and the primary concern is 
dentoalveolar growth of adjacent area at lower and frontal maxillary 
alveolar and the increase of mandible height. Placing implant 
before growth completion may bury the implant and lead to 
gingival heterogeneity of crown to root ratio and inelegance. After 
observing growth cessation in cephalograms of two consecutive 
years, Kearns suggested that implant positioning should be taken 
place for girls and boys at 16 and 22, respectively.[14]
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Children with hypodontia
This group could be a part of a syndrome (ectodermal dysplasia) 
or non-syndrome. The most complicated decision-making is 
for this group and the number of absent teeth and the length of 
edentulous area is of great importance.[3] Before any action, tooth 
location and edentulous space are fixed using orthodontic, and 
if required piece prostheses. Placing implant until the growth 
cessation (1 year of cephalograms with no change) is safer, but 
sometimes some psychological factors like, need to beauty, 
performance, and more stability would lead to early implant 
positioning. It is vital to be informed of growth completion 
schedule for any corrective surgery or prosthesis placement. 
Vargervik believed that all of the abovementioned procedures for 
curing skeletal defects and cosmetic gum should be carried out 
after the growth completion.[3]
Children with full adentia
Most of children in this group are suffered from ectodermal 
dysplasia. Kearns et al. declared that the only concern in these 
children is the downward and frontal mandibular growth of 
and subsequent changes at jaw size.[36] The rationale for early 
implant positioning in this group is no dentoalveolar growth of 
edentulous arch and improvement of mental, social, and physical 
state. However, implant placement is better to be postponed until 
full dental hygiene care at 7.[3] Edman indicated that implant 
positioning in maxillary and anterior chin dimple (not placing 
the implant on posterior canine) could yield better results.[37] 
After growth completion, orthodontic surgery is performed to 
improve mandibular additional growth (fixing prognathism 
profile) and the presence of early implant-based prosthesis could 
facilitate the surgery.[3]
Implant and other Functionalities
Numerous studies substantiated the implants as invaluable 
tools in orthodontic treatments, called anchorage, the reason of 
which is their immobility during employing force, especially in 
cases that there is no appropriate dental anchorage, for example 
because of several dental absences.[38-42] Use of implant in 
children is also satisfactory by vast skeletal removal in maxillary 
and mandibular tumoral areas and long-term bone restoration.[3] 
Use of implant in bonded alveolar joint in children with palatal 
cleft and one/two-sided lip was satisfactory, as well.[36] Use of 
implant in congenital syndromes, such as ectodermal dysplasia, 
Williams-Beuren syndrome, dental agenesis, hemifacial 
microsomia is also a right choice.[43-47] Implant is also applicable 
for distraction osteogenesis (e.g.  for maxillary protection or 
increase of mandibular length in mandibular hypoplasia).[1]
Discussion and Conclusion
The advantages of using implant in growing children are as 
much as its concerns about the early placement, which make it 
a challenging phenomenon. Since only few studies have been 
conducted on this topic, the precise diagnosis and treatment 
of dentists for each individual case is the matter of the utmost 
importance.[2] Most studies alerted the early application of implant 
in growing children[48,49] and most dentists prefer to perform the 
implant treatment after the sexual maturity.[2] However, Smith 
et al. reported the possibility of implant positioning in children 
aged even <5 in anterior mandible due to early stability of skeletal 
joint in the symphysis.[50] However, MacDonald suggested that 
implant positioning in anterior maxilla, with the most single 
hereditary and acquired edentulous, should be postponed due 
to existence of various joints and bone stability delay until the 
completed growth before puberty.[11] According to some studies, 
implant positioning should be avoided in children aged <16-18; 
otherwise, the tooth will erupt with infraocclusion shape in 
proportion to the alveolar bone and will remain at the opposite 
position. According to Bergendal et al., only in full aplasia case, 
like what is seen in ectodermal dysplasia, early implant positioning 
is applicable, as well.[51-54] However, by emphasizing on no 
affiliation with any implant manufacturer, Erosy despite vertical 
and transverse growth of adjacent bone to the implant, evaluated 
the developmental difference of these two areas at correctable 
and improvable level and declared that early implant placement 
could affect the maintenance and growth of bone.[53] Evaluating 
the effect of implant on factors including manner of dental and 
skeletal development, place and extent of edentulous, edentulous 
reasons (hereditary, along with a especial syndrome, trauma, 
tumor), range of remaining growth, application as an orthodontic 
support and the material and time of usage could affect implant 
positioning.[1,3,8,9,11] Providing a comprehensible suggestion for 
time and manner of implant placement in growing children due 
to difference in the range and direction of development in each 
edentulous area, edentulous differences, and specialized individual 
treatment is a complex process. Most dentists are opposed to 
temporary alternative treatments, involving fixed and removable 
prostheses. In contrast, due to some advantages like, higher bone 
protection, better positional blood supply, cellular immunity with 
the infiltration of most T lymphocyte cells in inflamed areas and 
plain bone restoration, beauty, and performance improvement 
some parents ask for the use of implant without considering the 
risks of early implant positioning. Various studies have suggested 
that use of implant, due to developmental changes of jaws and 
teeth in children, should be performed with high precision and 
systematic evaluation and, if possible, be postponed up to the age 
15 for girls and 18 for boys, and be within a long-term process.[8] 
On the other hand, the evaluation of some factors, including causes 
of anodontia, patient’s sex, range of skeletal growth, prosthesis 
design, the range and quality of residual bone ridge, keeping 
hygiene and satisfying parents and patients’ demands should be 
taken into consideration for final decision-making on implant 
positioning.
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